Rickets was a common metabolic disease of bone a century ago in Europe, North America, and East Asia (mainly due to vitamin D deficiency) but was largely eradicated in growing children by use of cod liver oil and the introduction of vitamin D fortification of milk in the 1930s in the United States. Vitamin D deficiency (VDD) remains the most common form of metabolic bone disease that is entirely preventable and treatable. Historically, rickets has appeared in sporadic epidemics and, despite the introduction of numerous preventive strategies, VDD has remained a global health problem amongst children. Moreover, developed countries such as Canada, Australia, the United Kingdom, and the United States have not been exempt from this.
The postmortem skeletal survey was reported by a pediatric radiologist (with quality assurance by a second reader) who identified radiological features of rickets through the identification of 1) diffuse decrease in the mineralization of the bones, 2) mild cupping and fraying of the distal radial, ulnar, tibial, and fibular metaphyses, 3) periosteal reaction of the posterior aspect of the left 8th rib (suggestive of a previous fracture), and 4) periosteal reaction of the mid-diaphysis of the right femur and right fibula (Images 1-5).
External examination at postmortem revealed a normally developed female infant with no external injuries. The growth parameters (for corrected gestational age) were weight less than the 3rd percentile, height between the 50th and 85th percentiles, and head circumference between the 15th and 50th percentiles. 
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Internal examination excluded a head injury as the cause of death. There was a firm consistency of the posterior aspect of the lower lobe of the right lung with features of a lobar pneumonia on histological examination to account for death (Image 6). Streptococcus pneumoniae and Hemophilus influenzae were both isolated from the lung. The middle ears contained a mucoid exudate and Streptococcus pneumoniae was isolated from both middle ears, in addition to Hemophilus influenzae in the right middle ear.
There were bulbous swellings of the costochondral junctions of the left 6th through 10th ribs and right 5th through 9th ribs together with a fracture callus of the posterior aspect of the left 8th rib that were not detected on initial radiological survey but were evident on subsequent radiography of the excised rib segments (Images 7-9).
The left radius and ulna, right radius and ulna, right femur, left tibia and fibula, right tibia and fibula, left 6th through10th ribs, and right 5th through 9th ribs were excised for fixation, radiography, decalcification, and targeted histological examination (hematoxylin and eosin). A separate segment of fixed rib was used to prepare undecalcified sections that were stained with Toluidine Blue and Goldner's Trichrome.
The bone histology slides were reviewed by a pediatric pathologist with specialist training in metabolic bone disease. The morphological findings of the long bones and the undecalcified sections of the ribs were diagnostic of rickets (Images 10-12), with a healing fracture callus of the posterior segment of the left 8th rib (Image 13) and periosteal reactions of the diaphyses of the right femur (Image 14) and fibula (Image 15), as reported radiologically.
The metaphyses of the long bones showed marked thickening of the epiphyseal plate with both enlargement in height and width, which was mostly attributed to the markedly distorted hypertrophic cell zone with enlargement of chondrocytes and increase in axial zonal height (Image 10). There was marked loss of the columnar arrangement with disordered organization of cells with only a small amount of intervening matrix. There was poor definition of the zone of provisional calcification, and in several areas there were tongues of viable hypertrophic cartilage without active endochondral replacement that extended beyond the zone of primary spongiosa into the newly formed medullary bone with capillarization (Images 11 and 12). The resting and proliferative zones were unremarkable and normal. The medullary bone consisted of irregular, thin trabeculae.
The section from the posterior aspect of the left 8th rib exhibited a healing fracture with cortical thickening and an admixture of cellular fibrous tissue, cartilage, and spicules of woven bone (Image 13).
The undecalcified sections of the rib revealed a layer of universalized bone (osteoid seam) surrounding the mineralized segment of trabecular bone, which were evident beyond and far away from the epiphyseal plate, in keeping with a failure of mineralization (Image 16).
Vitamin D determination in the postmortem blood revealed a total concentration of 14 ng/mL (35 nmol/L), which was reported as constituting mild to moderate deficiency. It must be recalled that Scheimberg and Perry classified postmortem vitamin D concentrations as normal (>80 nmol/L), suboptimal (50-79 nmol/L), insufficiency (25-49 nmol/L) and deficiency (<25nmol/L) (1) . Unfortunately, it was not possible to obtain a parathyroid hormone (PTH) concentration as the blood sample was hemolyzed. 
Interpretation of the postmortem vitamin D concentration and the radiological and histological features of rickets led to the conclusion that the decedent had vitamin D deficiency (VDD) rickets, the most common form of rickets.
This case was discussed with two other forensic pathologists and the postmortem examination report was formally peer-reviewed before final issuance. The case was also presented at a multidisciplinary meeting that consisted of practitioners with expertise in pediatric radiology, pediatric bone pathology, pediatric metabolic bone disease, forensic pathology, and child protection. The pervading view was that in the context of the diagnosis of rickets of the radiological and pathological severity seen, the single, healing posterior rib fracture and periosteal reactions were primarily attributed to rickets and not to deliberately inflicted, abusive injury, as congenital rickets was the likely underlying predisposition.
The infant had died of a Streptococcus pneumoniae lobar pneumonia. Streptococcal pneumonia is the most common cause of community-acquired pneumonia. Vitamin D deficiency was considered an ancillary contributor to its development since, apart from its role in the maintenance of the musculoskeletal system, vitamin D has important immune-modulating functions (2) .
Although bacteriological culture of the blood isolated Streptococcus pneumoniae, this did not correlate with histological features of sepsis and its detection is interpreted as being reflective of the three-day postmortem interval rather than clinical septicemia. The results of the other ancillary investigations were noncontributory to death. 

DISCUSSION
Rickets is a metabolic bone disease that is most commonly associated with deficiency of vitamin D and its attendant reduced availability of circulating calcium, principally due to the inability to absorb calcium. Rickets was essentially unknown until the 1650s when cases appeared in northern Europe. It was first described in association with skeletal deformities during the mid 17th century in London, England. O'Riordan and Bijvoet had reported that the first clear descriptions of rickets were published between 1645 and 1668 by Whistler, Boot, Glisson, and Mayow in that chronological sequence (3) and that the longest and most detailed account of rickets by far was in a book published by Glisson in 1650 (4) .
O'Riordan and Bijvoet also stated that although the term rickets was prevalent, its origin is obscure but words similar to the term meaning "crooked" existed in middle English, middle French, the dialect of Devonshire, and ancient Greek (3). Harrison reported that the prevalence of rickets had increased during the 18th and 19th centuries and had reached as high as 40-60% in children of the inner city neighborhoods of England, Germany, Poland, Scandinavia, Canada, and the United States (5) . It was reported that Whistler, Boot, and Glisson had all used the English word 
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"rickets" in their writings and both Whistler and Boot had discussed the origin of the word rickets without saying how it had been derived (3) . It has been reported that their suggestions included that the term was coined after an apothecary named Rickets (which was not an uncommon family name that still exists) who had successfully treated the disease but there was no evidence to support that theory (3) . Another reported possibility that they had entertained was that the word had been derived from "rachitis," which indicated inflammation of the vertebral column but in the end, it appears that they had concluded that its origin was unknown (3) . It was reported that both Glisson and Boot had performed postmortem examinations on patients with rickets who had died and they had believed that it was a new disease that had only appeared some 20 years before they had written about it (3). All three authors had described the disease in London, but Boot had also seen it in Ireland and Paris (3) .
The discovery of vitamin D and its role in causing rickets when deficient revolves around the observations of a number of biochemists and clinical scientists, but the major breakthrough is ascribed to German physicians who noted that rickets could be reversed by the administration of oral doses of cod liver oil. E.V. McCollum, who had previously identified vitamin A in cod liver oil, also showed that cod liver oil contained an antirachitic factor that he called vitamin D (5). 
Vitamin D or calcitriol, is a steroid hormone and one of the fat-soluble vitamins (vitamins A, D, E, K). Windas, in 1922, demonstrated that vitamin D was a secosteroid, a steroid with a broken ring (6) . Vitamin D is an imprecise term that refers to one or more members of a group of steroid molecules. It has important roles in regulating body levels of calcium and phosphorus and thus the mineralization of bone, but receptors for vitamin D are present in a wide variety of cells. It also possesses immune modulating functions (7, 8) and regulates 3% of the human genome (9) .
It is now believed that VDD is a risk factor for the development of cardiovascular disease, diabetes mellitus, infections, multiple sclerosis, and some forms of cancer (8) (9) (10) (11) . Recent evidence suggests that VDD is associated with increased mortality in adults and possibly sudden infant death syndrome (SIDS) (10, (12) (13) . Although some researchers have investigated if it has a role in sudden infant death, it is unknown if it is linked to SIDS (14) . 
The active form of vitamin D is 1,25 dihydroxyvitamin D, also known as calcitriol. The form of vitamin D found in cod liver oil is a prohormone that must be converted to its active form through a series of sequential hydroxylation steps in the liver and kidney.
The plant form of vitamin D is an isomer called vitamin D2 or ergosterol. Vitamin D3 (also known as cholecalciferol) is generated in the skin of animals when light energy is absorbed by a precursor molecule, 7-dehydrocholesterol. A previtamin D3 compound, 7-dehydrocholesterol, is found in human skin and its conversion to vitamin D is dependent on photoisomerization by ultraviolet (UV) light at a wavelength of 288 nm (5) .
Vitamin D can be acquired from multiple sources, including ingestion of vitamin D2 or D3 and the endogenous production of vitamin D3, which requires exposure to sunlight or ultraviolet irradiation (5) . Vitamin D is, therefore, not a true vitamin because individuals with adequate exposure to sunlight do not require dietary supplementation. The dietary sources of vitamin D include egg yolks, fish oil, and a number of plants. However, natural diets do not contain adequate quantities of vitamin D and exposure to sunlight or consumption of vitamin D supplemented food is necessary to prevent deficiencies.
Biochemistry and Physiology of Vitamin D
Vitamin D is primarily involved in mineral metabolism and bone growth. It facilitates the intestinal absorption of calcium and stimulates absorption of phosphate and magnesium ions. In the absence of vitamin D, dietary calcium is not absorbed efficiently. It also stimulates the expression of a number of proteins involved in transporting calcium from the lumen of the intestine, across the epithelial cells, and into blood. Calbindin is an intracellular protein that ferries calcium across the intestinal epithelial cell. Vitamin D is a transcriptional regulator of bone matrix proteins that induces the expression of osteocalcin and suppresses synthesis of type I collagen. In cell culture, it stimulates the differentiation of osteoclasts.
Vitamin D, as either D3 or D2, does not have significant biological activity and must be metabolized within the body to the hormonally active form known as 1,25-dihydroxycholecalciferol. The major endogenous synthetic source of vitamin D in humans is the epidermis. Vitamin D3 is produced in the skin by the UV-B mediated reaction that converts 7-dehydroxycholesterol to previtamin D3 and then previtamin D3 to vitamin D3. Vitamin D3 then finds its way into the circulation and is converted to 25 (15) . The conversions occur in the steps as illustrated in Figure 1 .
In nutritional rickets, the serum calcium concentration is subnormal secondary to the combined effects of 1) VDD, 2) the inadequate degree of intestinal absorption of calcium, and 3) inadequate resorption of bone to release its calcium stores (6, 16) . The decreased serum calcium causes secondary hyperparathyroidism with parathyroid hormone-induced phosphaturia. The rachitic child, therefore, has biochemical features of hypocalcemia, hypophosphatemia, increased alkaline phosphatase, hypocalciuria, and hyperphosphaturia (17) . These biochemical abnormalities are reversed by the administration of calcitriol, either directly or via vitamin D administration, and become associated with bone healing as the extracellular calcium and phosphate levels return to normal and hydroxyapatite is deposited on osteoid tissue (18) .
Vitamin D deficiency may cause apnea, hypocalcemic seizures, tetany, delayed motor milestones, skeletal deformities, and fractures. In older children, it has been associated with an increased risk of frequent lower respiratory tract infections, tuberculosis, bronchial asthma, and type 1 diabetes mellitus (1).
Vitamin D deficiency remains the most common form of metabolic bone disease that is entirely preventable and treatable. Its incidence is on the rise in the UK and other western countries, especially among ethnic minority groups. In 2006, Callaghan et al. reported an incidence of 7.5 per 100 000 children in the UK but more recent studies suggest 29%-40% (19) .
Historical Perspective
Historically, epidemics of rickets occurred in waves. The first wave occurred during the industrial revolution in the western world as a result of a lack of sunlight from smog, and utilization of cod liver oil was an effective remedy (20) . The work of Steenbock and Hess revealed that irradiated ergosterol could be add- 
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ed to milk or children could receive vitamin D supplementation, as was done in western Europe, and the rather gigantic first wave of the northern hemispheric epidemic of nutritional rickets disappeared and a major public health problem from 1900-1925 became a rarity (3, 5, 16) .
There has been a significant increase in the frequency and duration of breast feeding over the decades, both of which are risk factors for the development of nutritional infantile VDD (21) . The second wave of nutritional rickets occurred during the 1960s to 1980s as a result of breastfeeding women who did not get enough exposure to sunlight from full body coverage secondary to religious beliefs (20, 22, 23) . At least three atrisk groups of women were identified and consisted of 1) Asian migrants from India and Uganda to the UK, 2) Muslim women in the Middle East and Central Asia, and 3) female members of certain religious groups in the inner city areas of northeastern cities of the US. All three groups wore heavy robes that covered the majority of their bodies, with often only their hands and faces exposed, in compliance with religious beliefs. These women were vitamin D deficient themselves and their fetuses were exposed to reduced circulation of 25-OH vitamin D in utero, giving rise to the development of congenital rickets. Postnatally, additional factors conspired to facilitate the development of rickets as 1) human breast milk contains inadequate amounts of vitamin D (unless maternal exposure to sunshine occurs), 2) the infants were not taken outside to receive sunlight or supplemented with vitamin D, and 3) photocutaneous synthesis of vitamin D is less efficient in dark skinned individuals.
Human milk typically contains a vitamin D concentration of 25 IU per liter or less. The amount of daily vitamin D required to prevent nutritional rickets is not fully known but may be in the range of 75-100 IU. Although breastfeeding is the recommended method of infant feeding and provides infants with necessary nutrients and immune factors, breast milk alone does not provide infants with an adequate intake of vitamin D. The average lactating woman must feed her infant 8 L (about 89 three-ounce bottles) of breast milk per day to provide the recommended dai-ly intake of 200 IU of vitamin D (24) . Even infants born to mothers replete with vitamin D develop decreasing levels within eight weeks if they are not supplemented (25) .
In their investigation of iron levels in breastfed infants, Zieglar et al. incidentally discovered that the majority of unsupplemented infants had VDD, which was severe in the winter (26) . Hollis and Wagner suggested that supplementation of lactating women with 2000-4000 IU of vitamin D per day, rather than the recommended 400 IU per day, was required to provide the mother and the breastfed infant with adequate vitamin D to prevent deficiency (27) . Most breastfed infants are able to synthesize additional vitamin D through routine sunlight exposure.
The American Academy of Pediatrics (AAP) initially published guidelines for vitamin D intake in 2003 with the recommendation that all infants receive a minimum intake of 200 IU of vitamin D per day, beginning during the first two months of life but that guideline was updated in 2008 with a new recommendation of an increased daily intake of vitamin D of 400 IU for all infants and children beginning in the first few days of life (28) .
Although there was evidence that limited sun exposure may prevent rickets in some breastfed infants (29, 30) , in Canada, concern over the health risks of sun exposure have led to the recommendation that all breastfed infants receive supplemental vitamin D (400 IU/day) (31, 32) . It was recommended that breast-fed infants who reside above the 55th latitude in Canada, or in areas at lower latitudes that have a high incidence of VDD, receive 800 IU/day during the winter months (33) .
The second wave of rickets receded as a consequence of vitamin D supplementation. However, rickets in children in the Middle East is still recognized there and in Europe. Exclusive breast feeding, moderate vitamin D deficiency, and lack of sunshine exposure are among some of the important contributing factors that perpetuate the problem (23, (34) (35) (36) .
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Within recent time, VDD has been on the rise and a third outbreak of rickets with several unusual features was noticed in the early 1990s (6) . This latest wave was identified in the US, particularly in the southern region (where the incident angle of the sun favors photocutaneous conversion of vitamin D) and was amongst dark skinned infants, particularly African-American children, whose mothers breastfed. Exclusive breastfeeding, moderate VDD, and lack of sunshine exposure are among some of the important contributing factors (23, 34, 35) .
There were some unusual features of the US component of the third wave. In the affected southern region of the USA, despite the incident angle of the sun favoring photocutaneous conversion of vitamin D, the outbreak still developed. The mothers exclusively breastfed and seldom took their children outside. The reasons purported for the latter are 1) concerns over sunshine exposure, 2) fear of violence, 3) degeneration of the neighborhood, and 4) mothers who work at home, either on the telephone and/or personal computer.
Although it was initially believed that VDD primarily affected the elderly and dark skinned populations in the US, in 2008 Keller and Barnes reported that it was then being demonstrated in otherwise healthy young adults, children, and infants of all races (21, 36) . That same year, Gordon et al. reported an insufficiency rate of 40% and a deficiency rate of 12.1% (37) .
A number of articles on congenital rickets were published in 2007, which included an international perspective on maternal and newborn VDD (38) . Concentrations of 25-hydroxyvitamin D (25-OHD) less than 25 nmol/L (10 ng/mL) were found in 18%, 25%, 80%, 42% and 61% of pregnant women in the UK, United Arab Emirates, Iran, northern India, and New Zealand, respectively, and in 60-80% of nonwestern women in the Netherlands. Most US experts defined VDD as less than 50 nmol/L (20 ng/mL) and insufficiency as between 20-30 ng/mL (36) . As neonatal concentrations approximate two-thirds of the maternal level, congenital deficiency is inevitable in the setting of high prevalence of VDD in healthy young women (39) .
Bodnar et al. in 2007 investigated maternal and newborn vitamin D levels in what can
be considered the largest US study of its kind, which demonstrated deficiency or insufficiency in 83% of black women and 92% of their newborns (40) . In white women and their newborns, the corresponding figures were 47% and 66%, respectively. Deficiency was worse in winter than in summer. It was striking that over 90% of the sample population was on prenatal vitamins.
The reemergence of VDD as a common occurrence has developed from the interaction of multiple factors (21) . Many foods were fortified with vitamin D in the past, but in 2008 Keller and Barnes reported that milk was the only product required to be fortified in the US; however, studies have shown that up to 70% of sampled milk does not contain the required amount of vitamin D. Other natural food sources of vitamin D are few.
Exposure to UV-B rays in sunlight is the best natural source of obtaining vitamin D through cutaneous synthesis, but UV-B rays are lost during the winter months above the 35 o latitude. Concomitant increased use of sunscreen and protective clothing to prevent skin cancer and to retard skin aging have also contributed to a marked reduction in cutaneous synthesis of vitamin D. A sun protection factor of 8 blocks out about 95% of the UV-B rays and produces the same effect on vitamin D synthesis as a burka worn by certain Islamic women, who continue to exhibit high rates of VDD even in the sunny climate of the middle east. As vitamin D is fat soluble, maternal obesity predisposes to poorer vitamin D status in neonates as fat storage reduces its availability (41) .
The factors that affect vitamin D synthesis from sunlight are summarized in Table 1 .
Congenital Rickets
Fetal development can be adversely affected by VDD during pregnancy. Apart from its role in skeletal development, calcium is essential for many biological pathways inclusive of muscular contraction, second messenger formation, secretion of neurotransmitters and hormones, and blood coagulation (1) . Skeletal
REVIEW ARTICLE
growth is a dynamic process that requires 25-30 g of calcium to be transferred from the mother to the fetus during pregnancy (42) , and is achieved mainly by increased intestinal absorption of calcium facilitated by vitamin D. Nutrients will be leached from the bones and tissues of the pregnant mother to maintain fetal development, but the net amount of vitamin D transferred to the fetus will be reduced and will affect bone mineralization and growth. Low maternal vitamin D status during pregnancy is associated with splaying of the distal metaphysis of the fetal femur (43) . Intrauterine fractures due to congenital rickets have been described in the literature (44) . The last trimester bears the burden of fetal skeletal mineralization as approximately 80% is deposited then. A fetus that was VDD during pregnancy will likely be born with a near normal serum calcium concentration and normal skeletal morphology but risks developing rickets within the first weeks and months of life, especially if exclusively breastfed (45) .
The radiological appearance of VDD in early infancy will vary with many factors that include age at presentation, prenatal VDD, nutritional history, geographic location, sun exposure, skin color, and season (21) . Case reports of congenital rickets have ranged from normal appearing bones to diffuse rarefaction, fractures, fractures at birth, metaphyseal fraying, and cupping (46) (47) (48) (49) (50) (51) .
The cranium has been identified as the best location to seek out radiographic evidence of congenital rickets and nutritional rickets in infants under three months of age (52) , as the skull is the most affected bone at this age, reflective of rapid brain growth. Craniotabes, the softening of the skull in rickets that especially affects the occipital region and is associated with palpable enlargement of the sutures and fontanelles, was a common clinical finding in congenital rickets in the past but is once again being described in association with VDD in the newborn (53) . On plain radiographs, the appearance is of pseudodiastasis with a diastatic appearance and poorly defined margins as a result of demineralization of the sutures. The skull is better evaluated on computed tomography scan of the head to exclude sutural diastasis from increased intracranial pressure (54) .
The metaphyseal changes of rickets are first evident in the most recently formed metaphyseal margins in the fastest growing long bones (i.e., femora, tibiae, fibulae) and are usually symmetrical. The distal femur is the fastest growing long bone and changes occur at that site with rickets (55-57).
The metaphyseal changes in the distal femurs and proximal tibiae are first seen in the medial aspects (58) , and the early metaphyseal changes in the distal ulnar are detectable even when the distal radial metaphyses appear normal (59) . The physeal and metaphyseal changes can be subtle in early infancy but may become increasingly sclerotic and deformed with treatment (59) . These early metaphyseal changes may mimic Salter-Harris II fractures but are asymptomatic and usually resolve without the interval changes of fracture healing (i.e., subperiosteal new bone formation, callus, and remodelling) within a few weeks. Early bowing deformity, particularly of the tibiae, may be evident when subperiosteal changes are present. These can be demonstrated on lateral views. Bowing deformities of the long bones (such as the "saber shin deformity"), when present, are representative of positional stress or musculotendinous forces where the 
pull of the Achilles tendon on the calcaneus causes anterior bowing of the tibiae (52) .
In the rare disorder of congenital rickets, fractures are exceedingly uncommon and occur on the background of the typical rachitic changes (60).
Cohen et al. reported on a cohort study of 41 cases of sudden unexpected death in infancy and childhood (SUDIC) in which postmortem vitamin D levels were measured and compared with reviews of the radiology, rib histology, and cause of death (13) . There were 25 cases of unexplained SUDIC after full autopsy. Seventy-six percent of the unexplained SUDIC cases had inadequate vitamin D levels with abnormal rib histology in 69%, but abnormal radiology in only 19%. The high incidence of bone abnormalities on histology compared with radiology (69% vs. 19%) was explained by the fact that bone calcium content needs to be reduced by at least 30% before reduced bone density can be appreciated on radiography (7) , and the fact that some histological features of rickets (thickening of the cartilaginous growth plate and blood vessel penetration) cannot be detected on imaging. The findings indicated that histological examination of bones was more sensitive in detecting changes of rickets than radiology.
Histology of Normal Growth Plate and in Rickets
The normal growth plate exhibits an orderly continuation of three successive zones. These are: 1) the zone of resting cartilage; 2) the hypertrophic zone; and 3) the zone of mineralization.
The zone of resting cartilage consists of small individually scattered chondrocytes followed by a zone of proliferative cartilage in which chondrocytes become aligned in the direction of growth as they enlarge and divide. The hypertrophic zone consists of enlarged chondrocytes with more prominent nuclei in maintained alignment in the direction of growth. The zone of mineralization results from apoptosis of the hypertrophic chondrocytes with associated calcification of the cartilage and invasion by blood vessels to form bony trabeculae. This is manifested as a zone of normal hypertrophic chondrocytes in columnar alignment with a smooth, sharp metaphyseal to diaphyseal line with no extension of any of the hypertrophic cartilage, once there are capillaries of the primary spongiosa and empty lacunae at the interface (which denotes that Ca 2+ rich capillary blood has diffused and killed the chondrocytes) (Image 17A).
In rickets, the histological features reflect the failure of cartilage to mineralize and undergo resorption and is manifested by 1) disordered proliferation of chondrocytes in the hypertrophic zone secondary to a lack of apoptosis with 2) loss of the columnar arrangement of chondrocytes and resultant 3) thickening and disorganization of the hypertrophic zone with 4) tongue-like projections of cartilage extending into the spongiosa, 5) irregularity of the limit between the proliferative and hypertrophic zones, and 6) penetration of blood vessels into the hypertrophic zone (61) . The histological comparisons are depicted below (Image 17A and B) .
Postmortem Biochemistry in Rickets
Vitamin D is stable in postmortem blood for several days after death (1) and valid results can therefore be obtained. The serum 25-OHD concentration is the best marker for vitamin D status. It is stable in the serum (12) but a degree of postmortem degradation cannot be excluded. There is no consensus on the optimal level of circulating 25-OHD and different studies quote different definitions for VDD and insufficiency (8-10, 36, 37, 62, 64) . The WHO definition defines VDD as <25 nmol/L and insufficiency as <50 nmol/L. Measurement of postmortem vitamin D is easy and inexpensive.
In their retrospective analysis of 52 postmortem cases (age range: 2 days to 10 years) with determination of vitamin D concentrations, Scheimberg and Perry defined normal postmortem vitamin D as >80 nmol/L, suboptimal as 50-79 nmol/L, insufficiency as 25-49 nmol/L and deficiency as <25 nmol/L (1). Seventeen children were found to be VDD, 24 children were vitamin D insufficient and ten children had suboptimal vitamin D. Only one child had a normal vitamin D concentration. Fractures were present in three cases. In 
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the VDD cases, abnormal growth plate histology was identified in ten cases (59%) with abnormal radiology in only three cases. For the vitamin D insufficiency cases, eight cases (33%) had abnormal histology with normal radiology in all cases. Calcium, phosphate, and PTH are not stable after death and no valid results can be obtained from their analysis. However, attempts should be made to determine the postmortem concentrations of vitamin D and alkaline phosphatase.
Rickets and Child Abuse
Rickets-associated fractures can invoke suspicions of child abuse, and the presence of a vitamin disorder with fractures does not exclude child abuse as the cause of the fracture, as it is difficult to differentiate between fractures due to deliberately inflicted injury from those sustained by minimal force on a weakened bone structure. Vitamin D deficiency can also be the result of neglect, which is a form of abuse.
Although injury to the non-weight bearing parts of the skeleton (i.e., clavicles, ribs, lower arms, and hands) are suspicious in children with rickets (65), the possibility of congenital rickets must be considered as an alternative explanation. Congenital rickets can be prevented through the administration of prenatal vitamins to pregnant women, exposure of infants to sunlight for 90-300 minutes/week, and daily supplementation of 400 IU of vitamin D (6) . In the present case, underlying congenital rickets was highly likely and the most probable explanation of the bone pathology findings. Neither the pregnancy history nor the details of the postpartum nutrition were available, given the geographically remote place of origin of the infant.
Duncan and Chandy reported a case of a 3-month-old female infant who was born at 28 weeks gestation via C-section for maternal preeclampsia (66 
REVIEW ARTICLE
that the appearances were consistent with trauma in weakened bones from severe rickets associated with prematurity. Two case conferences could not reach a decision on the likelihood of child abuse as it was felt that a diagnosis of non-accidental injury would be unsafe. She died at five months of age and postmortem examination confirmed the histological features of rickets and no further injuries were found on either further skeletal survey or at autopsy. Three years later, her sister presented with a spiral fracture of the left femur. No evidence of metabolic bone disease was found and an unconvincing explanation for the injury was provided. However, this does not provide proof that the first child had suffered abusive injury. Two other case reports described rickets simulating child abuse but in neither case were both diagnoses thought to coexist (65, 67) .
The bone changes of VDD rickets have been invoked as a possible alternate diagnosis for non-accidental fractures in children identified on medical imaging studies (especially classic metaphyseal fractures). There have been excellent studies published characterizing the radiologic, macroscopic, and histologic features of child abuse-related fractures, including classic metaphyseal fractures, other fractures of long bones, and rib fractures. As the bone pathology of VDD rickets is distinct, this should not pose a diagnostic dilemma to the forensic pathologist who is confronted with an autopsy on a suspected child abuse-related death. The sampling of a costochondral junction should be routine in all autopsies of infants and young children, as the histologic abnormalities of rickets may precede the radiologic abnormalities (13, 68) . In any pediatric case where fractures are identified on pre-autopsy medical imaging studies, it is imperative that the abnormal bones be excised and examined histologically. In addition, measurement of the vitamin D level in postmortem serum should be considered in all pediatric cases, especially when fractures are present.
Radiologically, features that can assist in differentiating abuse from rickets include normal bone density with sharp metaphyseal breaks in metaphyseal fractures from abuse whilst reduced bone density and me-taphyseal splaying and fraying will be seen in rickets. Localized periosteal reaction related to fractures will be seen in non-accidental injury. In contrast, generalized periosteal reaction may occur in metabolic bone disease but can also be seen in normal or premature infants and is, therefore, not a diagnostic feature (66) .
CONCLUSION
In a 2007 publication, Ward et al. published on the incidence of VDD rickets amongst children in Canada whom they had studied over a two-year period through the Canadian Pediatric Surveillance Programme (69) . One hundred and four confirmed cases of VDD rickets were identified, with an incidence rate of 2.9 cases per 100 000. The highest incidence rates were amongst children who resided in the North (Yukon Territory, Northwest Territory, and Nunavut). The mean age of diagnosis was 1.4 years (range of 2 weeks -6.3 years). Eighty-nine percent of cases had intermediate or darker skin, 94% had been breastfed, and 2.9% had received standard infant formula. None of the breastfed infants had received vitamin D supplementation according to the guideline of 400 IU/ day. The maternal risk factors included limited sun exposure and lack of vitamin D from diet or supplements during pregnancy and lactation.
Rickets has been identified as a persistent global health concern through many publications in the literature (70) (71) (72) (73) (74) (75) . The question has been raised as to whether rickets has reemerged in recent years or has simply remained a persistent problem. Cases have been reported not only from regions with more limited sunshine (New Zealand, United Kingdom, and United States) (75-77) but also from sunnier regions such as Africa, Saudi Arabia, and Australia (71, 78, 79) . As has been observed worldwide, rickets has continued to be an important child health issue in Canada despite simple measures for its prevention (69) .
